This
Introduction
The number of patients with hip fractures is increasing worldwide, and these fractures are an important cause of mortality and loss of function among the elderly [6] . Management of these patients can be problematic because concomitant medical conditions increase operative risk. Physical reserve capacity is normally decreased in the elderly, and many patients admitted with hip fractures present with systemic complications and require physical assistance.
Factors associated with increased risk for mortality after hip fracture and predictive scores for postoperative risk have been reported [2, 5, 7, 8, 16] . Postoperative morbidity and mortality rates can be estimated by quantifying the patient's physiologic status and surgical stress. However, there are few predictive surgical scores that consider the patient's preoperative condition and the stress of surgical invasion, and there currently is no practical scoring system to predict postoperative risk in patients with hip fractures. The E-PASS score includes preoperative and intraoperative parameters, and is comprised of a preoperative risk score (PRS), a surgical stress score (SSS), and a comprehensive risk score (CRS) that is determined by the PRS and SSS (Appendix 1) [3] . E-PASS has been used with patients scheduled for gastrointestinal surgery, and the score was found to correlate with mortality and morbidity rates [3] . Using this scoring system to predict the postoperative risk in an emergency hospital, we previously analyzed data from a group of patients operated on for hip fractures for the first time [4] . We found the postoperative hospital morbidity and mortality rates increased linearly with the PRS and CRS and there was a significant correlation in patients who had osteosynthesis or hip arthroplasty [4] .
The purpose of the current multicenter study was to investigate the effectiveness and reproducibility of the E-PASS score in the assessment of postoperative risk in patients with hip fractures. Our study addressed the relationship between the E-PASS score and the incidence of postoperative morbidity and mortality, the severity of potential postoperative complications, and the correlation between E-PASS scores and the length and cost of hospitalization. Furthermore, we compared characteristic data and the postoperative course of patients subjected to osteosynthesis and hip arthroplasty and between patients with and without postoperative complications.
Materials and Methods
We retrospectively reviewed 813 consecutive patients (179 men, 634 women) operated on between September 2003 and December 2005 for hip fractures at seven member hospitals of the Japanese National Hospital Organization. Their mean age was 79.7 years (range, 27-100 years). The surgical procedure was osteosynthesis in 497 patients (intramedullary hip screws, n = 249; sliding hip screws, n = 182; intramedullary nails, n = 3; multiple pinning with screws or nails, n = 63). Hip arthroplasty was performed in 316 patients; 312 underwent hemiarthroplasty and four had THAs.
The patients' age and body weight, operation time, intraoperative blood loss, and postoperative course, eg, the hospital morbidity and mortality rates and the length and cost of hospitalization, were derived from medical records at each participating hospital. The preoperative status and surgical stress parameters were analyzed at each hospital with an electronic E-PASS chart used to calculate the E-PASS score (Appendix 1) [3] . We collected all data and assessed the correlation between each score comprising the E-PASS system and the postoperative course. We also evaluated the relationship between the severity of complications and the E-PASS score. Furthermore, these variables were compared including each E-PASS score between patient groups treated by osteosynthesis or arthroplasty, between patients with and without postoperative complications, and among the seven participating hospitals. The end point of our study was discharge from or predischarge death at the hospital at which the patients had their surgery.
Algorithms and definitions used to calculate individual E-PASS scores were formulated (Appendix 1) [3] . Postoperative complications were included only if the patient had received medical or interventional treatment; these complications were recorded in the patient's medical record. Complications developed in 163 (20.0%) of the 813 patients ( Table 1 ). The crude mortality rate was 1.6% (13 of 813 patients). Morbidity was scored as Grade 0 (no complications), Grade 1 (mild, nonlife-threatening complications), Grade 2 (moderate complications that were potentially life-threatening unless adequate treatment was initiated), or Grade 3 (organ failure with a sequential organ failure assessment score [15] , 3 points or greater or sepsis). Hospitalization costs included all charges for the operation, laboratory tests, diagnostic imaging, ward costs, and expenditures incurred for treatment of postoperative complications. These costs were converted from Japanese to US currency.
Using the Mann-Whitney U-test for continuous variables, we determined the significance of differences in the examined data. These included intraoperative and postoperative parameters, the E-PASS scores of patients treated by osteosynthesis or arthroplasty, and the E-PASS scores of patients with and without postoperative complications. Intergroup differences in the severity of postoperative complications were assessed with the chi square test with Yates' correction for continuity in categorical variables. The correlation between different continuous variables of the E-PASS scores and the length and cost of hospitalization was quantified by Pearson's correlation coefficient.
We analyzed the correlation between the E-PASS scores and the incidence of postoperative morbidity or mortality with the ranked Spearman correlation coefficient. The significance of the multiple correlation coefficient (R) among the seven hospitals and the severity of complications was quantified by analysis of variance (ANOVA) and Fisher's protected least significant difference (PLSD) or multivariate logistic regression using PRS and SSS data. Differences of p \ 0.05 were considered statistically significant.
Results
Postoperative morbidity rates increased linearly with the PRS and CRS and correlated significantly with the PRS (q = 0.16, p \ 0.0001; Fig. 1A ) and CRS (q = 0.18, p \ 0.0001; Fig. 1B ). However, the SSS was not correlated The bar chart shows the relationship between the preoperative risk score (PRS) and postoperative morbidity and mortality rates. The PRS correlated significantly with morbidity rates (q = 0.16, p \ 0.0001) and mortality rates (q = 0.14, p = 0.0001).
(B) The bar chart shows the relationship between the comprehensive risk score (CRS) and postoperative morbidity and mortality rates. The CRS correlated significantly with morbidity rates (q = 0.18, p \ 0.0001) and mortality rates (q = 0.14, p = 0.0001). Preoperative risk score (PRS)
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Frequency Rate (%) B Fig with postoperative morbidity rates (q = 0.06, p = 0.07). The mortality rates correlated with the PRS (q = 0.14, p = 0.0001; Fig. 1A ) and CRS (q = 0.14, p = 0.0001; Fig. 1B ), but not with the SSS (q = -0.03, p = 0.4). The incidence of higher-grade postoperative complications significantly increased with an increase in the PRS (p \ 0.0001; Fig. 2A ) and CRS (p \ 0.0001; Fig. 2B ). Furthermore, patients with higher grades of postoperative complications manifested a higher PRS (p \ 0.0001; Fig. 3A ) and CRS (p \ 0.0001; Fig. 3B ). Examination of the correlation between E-PASS scores and other examined parameters related to the postoperative course showed the length of postoperative hospitalization was significantly correlated with the PRS (r = 0.09, p = 0.009), SSS (r = 0.17, p \ 0.0001), and CRS (r = 0.13, p = 0.0001). The cost of hospitalization also was significantly related to the PRS (r = 0.12, p = 0.0007), SSS (r = 0.44, p \ 0.0001), and CRS (r = 0.23, p \ 0.0001). There was no difference in the morbidity and mortality rates of patients treated by osteosynthesis or arthroplasty. Based on the E-PASS scoring system, the SSS and CRS were higher in the hip arthroplasty than the osteosynthesis group (p \ 0.0001); the two groups did not differ with respect to the PRS ( Table 2) .
The PRS (p \ 0.0001) and CRS (p \ 0.0001) were higher in patients with postoperative complications than without (Table 3) ; the SSS did not differ significantly.
Analysis of variance (ANOVA) showed significant differences among the seven participating hospitals with respect to postoperative morbidity rates (p \ 0.0001), operation time (p \ 0.0001), amount of blood loss during surgery (p = 0.02), length of postoperative hospitalization (p \ 0.0001), cost of hospitalization (p \ 0.0001), and each score of the E-PASS system (p \ 0.0001) ( Table 4 ). Comparison of the morbidity rates at two arbitrarily chosen participating hospitals revealed a different pattern for data obtained with Fisher's PLSD used for direct comparisons and data obtained by multivariate logistic regression with normalization of the PRS and SSS ( Table 5 ).
Discussion
In aged patients, operative risk evaluation and treatment selection are major determinants of the postoperative course. Although postoperative morbidity and mortality rates can be estimated not only by quantifying a patient's physiologic status, but also by the level of surgical stress, there are few predictive scores that include the patient's preoperative condition and the stress induced by surgical invasion. The E-PASS scoring system originally was developed for gastrointestinal surgery to predict postoperative risk; it considered the patient's preoperative condition and intraoperative variables [3] . Respectively, the PRS and SSS can express the reserve capacity of individual patients and the degree of surgical stress as continuous variables. These scores require no special examinations [3] . and can be recorded at any hospital [9] . The E-PASS system is a good predictor of the outcome of surgery in patients with hip fractures and can be used at an emergency hospital [4] .
Our multicenter study of patients undergoing surgery for hip fractures showed the E-PASS score exhibited a good correlation with the postoperative course. As a primary result, the E-PASS score correlated with the incidence of postoperative morbidity and mortality and the severity of potential postoperative complications. It also correlated with the length and cost of hospitalization. Our results show the E-PASS system is effective and reproducible for prediction of the postoperative course at surgical hospitals. We also found marked differences in several parameters when we compared patients treated with hip arthroplasty or osteosynthesis, and patients with and without postoperative complications, and among the seven participating hospitals. These differences may reflect differences in the E-PASS scores and postoperative course. However, because there was no difference in the complication rate of patients subjected to the two different surgical procedures, we analyzed the correlation between the E-PASS scores and parameters related to the patients' postoperative course using combined data from the arthroplasty and osteosynthesis groups. This study was limited to the length of hospitalization at the participating hospital where the patients underwent surgery. Surgical stress that greatly exceeds the patient's reserve capacity often disrupts homeostasis of the respiratory, circulatory, metabolic, or immune system, leading to postoperative complications that reflect the patient's physiologic status and surgical stress. In our multicenter study, the PRS was significantly correlated with the hospital morbidity and mortality rate. The linear increase in the incidence of complications with an increasing PRS was consistent with earlier findings of patients with hip fractures undergoing surgery at an emergency hospital [4] . Furthermore, the severity of complications and the hospital mortality rate increased with the PRS. These results suggest the PRS can be used at hospitals and that it may be a predictor of progression to multiple organ failure in patients scheduled for hip fracture surgery.
In contrast, the SSS was not correlated with postoperative morbidity rates and it did not differ among patients with and without postoperative complications. Although it was greater in patients treated by hip arthroplasty than osteosynthesis, the two treatment groups did not differ with respect to morbidity and mortality rates. However, the PRS was greater in patients with postoperative complications than without, although it did not differ between the two treatment groups. These findings indicate the postoperative risk of patients with hip fractures was affected more by their physiologic status than the degree of surgical stress induced by either surgical procedure. According to some reports, when the patients' preoperative physiologic condition was used to obtain predictive scores for postoperative risk, there was an association with an increased risk of mortality after a hip fracture [2, 5, 7, 8] . The SSS is comprised of the operation time, the blood loss per body weight, and the extent of the skin incision [3] . The higher SSS scores in patients subjected to hip arthroplasty may reflect longer operation times and greater intraoperative blood loss. The size of the skin incision is not relevant in patients undergoing surgery for hip fracture. Compared with patients without postoperative complications, only the operation time was longer in patients with postoperative morbidity; there was no correlation with the amount of intraoperative blood loss. It is unclear whether surgical stress affects the postoperative results [7, [12] [13] [14] , and studies examining this issue are being done.
The E-PASS score exhibited a significant correlation with the length of hospitalization. In Japan, patients treated by uneventful acute phase surgery for hip fracture at emergency hospitals are transferred for rehabilitation or discharged to nursing homes. Our previous study showed no correlation between the E-PASS score and the length of stay at an emergency hospital [4] . The current study included various types of surgical hospitals and patients treated in the subacute and chronic phases. Some institutions discharge surgical patients directly to their homes. The longer the hospital stay, the more significant the correlation among the E-PASS score, the length of hospitalization, and treatment costs. The E-PASS system may be applicable to the Diagnostic Procedure Combination and the Japanese Diagnosis-Related Groups/ Prospective Payment System that are widely used in Japan and it may be useful in the area of hospital management.
Among the seven participating hospitals, there were significant differences with respect to some parameters, including the E-PASS score. These differences may account for the divergent postoperative complication rates recorded at these hospitals. However, a direct comparison of morbidity and mortality rates is not warranted because they can be expected to be higher in high-risk than in low-risk patients. There are few clinical outcome studies that normalized patients and surgical risk in comparisons involving different operative methods, surgeons, or hospitals. We applied different statistical methods to compare surgical outcomes at two arbitrarily selected participating hospitals. Different results were obtained when we applied ANOVA with Fisher's PLSD in simple comparisons and multivariate logistic regression analysis with normalized PRS and SSS scores in standardized comparisons. For example, Hospital 7 had significantly higher morbidity rates than the other six hospitals when we performed simple comparison using Fisher's PLSD. However, multivariate logistic regression analysis in standardized comparisons showed significant differences only at Hospitals 1 and 2 vis-a-vis Hospital 7 ( Table 5) . The E-PASS scoring system may be useful for standardization of patient backgrounds in the analysis of surgical outcomes. Our multicenter study showed the value of the E-PASS scoring system in patients with hip fracture scheduled for surgical treatment. Scoring requires little time, is simple, and the results are easily calculable and can be used by orthopaedic surgery departments in any hospital. The E-PASS scoring system is useful for estimating the postoperative risk and medical expenses incurred by treating patients with hip fracture, for standardizing patient populations in surgical audits, and for obtaining better treatment outcomes.
